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SUMMARY 

Use or power spectral design techniques for supersonic transports requires 
°5 atmospheric turbulence in the long waveU-ngth region 
below the knee of the power spectral density function curve. Examples are- 
given of data obtained from a current turbulence flight sampling program. 

These samples are categorize! as (1) convective, (2) wind shear. H) r-.ior 
and (4) mountain-wave turbulence. Time histories, altitudes, root-mean- ' 
square values, statistical degrees of freedom, power spectra, and integral 
scale values are shown and discussed. 


INTRODUCTION 

Gustlness" or the effect of atmospheric turbulence lias alwavs Im ct! ot 
concern .or aircraft operations, in early years individual or di's.-rot. 
of differing shape were used to verify designs, it was alwavs reegnired 
that tm.ulence is a statistical phenomenon, however, in that single guas 
are seldom if ever encountered. About 25 years ago the usi- -i randon V-r.- , : 
theory, or more commonly referred to as "power spectral anaUais" le.hniqms 
began to receive significant attention as a more appropriate design analv; is’ 
method. As a result of these developments, experimental tuil-uloiHo s.m.plim- 
programs were conducted in order to provide a statistical description of tiu. 
atmosphere in power spectral form. The.se measurements verifi<-d, in general, 
that tiie slope of the von Karman equation (^iven in fiv,. 1) i: itMii,.- 

prlatc. Limitations in both instrumentation and data reducti.-n pro, vdniv- 
prevented the acquisition of data at tvavelengths long i-m-ugh i.l.miiv 

appropriate values of L in tlie von Kantian equation (. r to veiii- 

ity of the equation). If L (generally reterred t.. as th. iut. gtal s.. ,.l. 
valtie and physically tioraetlmes thought of as the avetage < iMv .irt 
and c. (tl.e root-mean-squar.- value) are kiun.n, Ih.ii the gova t 
completely described. Kegardless of tIu- iut.-n-.itv or powi |, 
value correspon-'s to a specific knee or |.|.•.||, liequon. v in 
curve. Meteorological rescarcher-t therelore lu-ed appropri.-l . 
fill g.-ips in the description of tlie atmosphere. An examj.li < | 
canco of the L value for aircraft designers i- shown I-y tin- 
in figure 1. (Note that log, scales are use<l In lig, . 1.) |i.,- 
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ruHpunsu to turbulence U Jn the botiv. sl.urt p.. , i ...l , .ohI Dutch rol modes. 

For subsonic aircaft s id. as tl.e 70;. IV-.S,-, /■./ airpl.- a wl.i.l. ctulse at 

M ' (J.8 and at altitudes ol 11 to l:' Km (.'V- 0(1D t.. 40 ODD 11). the primary 
response to turbulence Is to the riBbt -f the knee o1 tl.e sped ra 1 curves lor 
all values uf 1. In the ran)V- to b. rii-p r opr i -it o lot rons I di. rat i on . ^ 

However, for supersonic cruise a. remit such ns n,e J" 

this country, that is, enuse H 2./ al npp rox imai e I y 1» Inn (bO 000 ft), the 
predicted response is more slgninonnlly afie.ied hv i he I. value ,-.s .san he 
seen in the figure. Fatigtje and rid.' quatlly a.e . Iso imp<.rlant aspects ot the 
aircraft response to atmospherle turbulence. II wn". decided, ther.'iure, that 
significant effort was warranted to re.iiove I h i s pn)> in U.e knowledge of atmo- 
spheric turbulence properties and estnblisli .n proj-m!,i will, a primary aim of 
determining appropriate values of h for dufereni meU'urol<n;i.-al canditions. 
As a result, special attention must bi- given t'< i n;; L nnnent n I 1 on and data pro- 
cessing In wiie low-frequency or long-wave 1 cm' t !. region. 

SYMBOLS 

Values circ ^,iven in both SI and WS* (Instorarv I'lits* Du* iiK*asurements 
and calculations v.*ere in«*ide in V*S* Ctisintr.arv I nils. 

g acceleration due to gravity^ tv/stu' (tl/;‘.cc') 

h altituile, km (ft) 

L integral scale value, Phai*rs Ut^ 


number 


lonj’.i tuJ ina I copipononi v»i' 


‘ , ’.1 ' t d ( f 1 / f- cc ) 


lateri:! com]»''notil t urt^i I otuu- , ••i/mt 
vertical cnimponent of I mdui 1 cnc«‘ , iv/'-;oc ) 

wave long til, mett^rs* ( \ t ) 

riiot-*mean--Sfiuaro wiltU’ (aba* .ut.nutii’d tb’VMaMi'nj, n/soc (It/sec) 


u*' V* \v staud.’\r<l tl»’Viations nf v, :\uA 

♦ .Ilf* 0^'/ ‘ - ' / ( j t ; .fL \ 

Dt'wor spectral dnisltv, . — b t- , ? 

^ ‘ e vcb ♦'.</ mi' I iT \< K ' ( . / 1 r 


VRCKdbU^ r'M'l.l.'d M ^ 'it 

rhe NAL>A !IA'! b'U'asuci'ni n t ol Atnianpiii i i i, i u . I i • b 1 1 < i ; pirpiMtii was establisluu 
in rt'S]'>onsi* (n llic pri*ciM.ling reuu i rrr«*’nl , -b i iiulm « » -t s oi turbulence 
(vertical, lati*tal, aiui b uipj t tui i n t ! > v.im !■ ‘‘i' ii.r’ui !. ll v.as di'i'idod that 
t \\*i) !ianp M ap. a i i ; r a j’ t wtui Id !*< ’ r < fp i i M*<i \ r < - ■ v t t t i • I'u 1 i re a 1 1 i t nd i ■ range i* t 
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intcircBt onu j rpliUiiL* inj’, lIi).* oi fil. t. itiuit.'*** iron' !>tM Irvi'l tt» Jb kfn 

(50 000 ft) and a spoila] li I pji-a I l M udt> alrplanr tnr altltudon ahnv*.- Vj km* 

The* sensors selcntt.Ml required Unpl irip, l «.» Ih- done at ! :u|){u ai i <■ jipeudi:, A I»-5/lj 
Canberra was soleaiL»d tnr the ;;amj» I i u}> at altitudes up te 15 km /md It was 
decided that a b*-*57K v/«nild he Lh<-‘ pielerrerl aireral t Inr use «at altitudes aheve 
15 km* BasJealJy, the icquiied iKeaeurnneut s I (U’ i*ai It ei the three turl)ulence 
components Involve a prluarv Tneasma meiit eu a Isiuin torwaial ot the aircraft (s«'e 

2) (an^^le 1 1 uc t ua t 1 1 'H; ; tor the vej*ti(al and l/tieral aiul a ( ruipeed varlalienr 
for the lon^^itud 1 na I conipuiienl s «)l the (airhu 1 euci.‘) wliich must tlien \>v corre(‘tt.ul 
lor aircraft motion* Mot Ii»n corre« t it*iu^ are prcividcul hy data an oiil;oard 

inertial platlorin and Ir<>r.t rat». pyres. diKsse ('orr».*(*t lens .ari* ejipet’Ial ly Impor*~ 
tant , the present emphaf-.is !»eiuj\ on accurate data at lenp^ wavi* 1 eiip.t lis , 'the 
eejuations are given in rc‘U*rciUe J. ^ obtain |'cv/c»j- (Sitipiates at tlie ••xt reuie I*' 

low frequencies required (that is, long wavelengths), narrow speetral 'hvinrlows'’ 
(bandwidths) on the order of O.Od lit: must he uf^ed in the data processing proce- 
dure. Such narrow spectral v.indevas unrodiua* v;I Id statistiiMl Ihuluations in 
the power estimates unltcss rel.itivelv lenp. data samph*s can ho ohtaineil. The 
statistical reliahilitv hL-lieveU to Ik* ulsu s.^a r \’ require*^ on the ordc*r of 2A 
to 30 statistical degn»es ui i rei.*dou, t 'r the spc*ctral values and translates lo 
data samples of at least ia-ininui, cau-o i us t ruiueutc*d lv-57li sampling 

airplane is shewn in ; igtire d, in tail; '.(neerniap tlu pv>wor spcv’tral .« 1 gor i t hi:i.- 

employed, and tlu* just i l i ./it i on i,.r so! po i h | t en i ng the time hi.st(U*ies fi»i 1 

wavelength aUcilyBis are given p* la 'rreecc 1. Itn^' t runetitat iop details and 
measurement acc.ur.acioc aia* ci*/iM in »a K-ii-ie. « An a. ; nt < i the ''\a isill 

instrumentation pi‘i 1 ermaiu'e *'’■ ■* oi . ! jip ! i/.’ht ‘'.aiK*uvi‘i , tog^.t!u'l v, ith *111 

assessment ot possibli* I o ,• t 1 i*-; *u iu \ tinnd r i.*rr.ars f-asi d uisui pi>stfliglit 

performance ol the inL*rt pp. si^ti, i' p. ivin In retcriuice 5. 

Sampling fl ight-- Uiv c ’>/=■ , . -a Maia h \ t-* 

1975 time period. A t.:tal e» *0 .A, iii in lastn-n 'nitid ‘>toP 

within 1 ange of t i u* . : 1 1 p I 1 1 k’ ^ . < i o j 1 . p A ' ■ . . I 1 * 1 , k c-> • , \ ' ta* pi i o i • i a Is i » 

Western hnited States 1 ■ ' * i.. i*.!.in, A j i it ! :v..psl . A'r '.-i - 

Base , Ca 1 1 1 rn i a ♦ . . 1 c, . ■ i i 't pi u * ■ t * » ■. i’ • 5 ; < i l > » t • \ - i ut d 1 ui « » t i . ai s < • t » • m u‘ -• 

d ina 1 1 ug and p 1 ann i uc. ! ! i * , : a ; , . * ^ ‘ - ■ r ‘ : u i* * i • a ‘is. r' i •, > r ."l a t -a u r 1 1 1 c tic ^ 1 i « . , 

and conducting post t M i!i p - . .....c;..eut C'. j l i ,:cni * .et i . ■ 1 u 1 e-ii j ■ p.ii.a*. 

eters and to det«ue t'u* i.ite.-t* i /j.-J . ■.■’!!.» v:!.its iur!uli-n*t \.o‘. <n .'untvTs 

A sunni/irv ot do i .1 •. a i .• 1 s, . 
runs to be ]uau'ev; h;ed n** < >1 • i . i , » . 
cessing is currentlv in pp , 
table 1) have been s» iectc. 1 . : 


i K\ i i ' ! ^ 1 \ I M ’ . •' :.:i a I : i I AA’ i p’.' 

The four cases selettti !,i .bt.eU.i c . ;p . , , i .;i iKuin .m . .P op. > 1 i .ad 

according to mi^teorolopj . .1 1 endUi-n, ‘Ms mouiP lin w. .i • a:>c ,qqu,p t.* .*i 

invi'lve some uiud sheai on; ihn: j 1 ' .1! 1 nM n,o ot <.'n'AihPo: i> ht* .• pur 

classical ca^e of pmciuIo • n- \ o's luilulcu. 0.1 i’. i t i tiiui t i u t . • ir.a l i ti po t iu* p 
cases is simmiarixed iu IoImi i:. 1 .m lenjA*. .no pp'on Pn th» P"m i . . 

and , a s s o i a t e . I w i t h 1 1 ; • run ' 1 j . t • . pi ini ! i > , 1 1 v r < t ; • > a ; n. ■ i i ; . ■ * ; i 1 . i 


■ ■ ‘ u ' r ! . : P: l;:e n :: ! -■] V ! Ait.; 

* • ••* ' ! < ‘ A A ■ I ■ < cA . t i »'iio . !’.it : pi •- 

« ! lOp ! . . M > A'lit : : li ! !i\ o*.t » r i .d , in 

at p ! I c i i ill 1 ;• j . papt. ip 
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ii pp cop r lilt t> »ur the roiinltlnR powi.;r npcctra arc.- alno f-lviTi. It wan a poal In 
tiiin pmt'ram to achieve at lonat 24 HtatlatUal (lop.recB of f roociom with a roHolu- 
tlun hamiwldtli of 0,02 llx. Note that lor tlic rotor cane, tlio }-oal was not 
achiovoU; Uliun, somowliat larger random-type fl uctu.it Ions can he expecti d In 
tliese power fipectral eHtlmaten, Hout-mean-Ktiuaro (',) values for the three com- 
ponents ol turhulence (longitudinal (u) , lateral (v) , .ind vertical fw) 1 are 
also p.iveii In table 11. Note that for the convective and lu-rhaps the rotor 
case, the o values are similar lor the three components. However, lor the 
wind-shear and lllountain~v^/ave cases tin* vertical component has a much .smallei 
o value than that of the later, il component by factors of 3 to 4 which indicates 
a lack of Isotropy. This aspect will be di-scusseil later in the paper, hita ti« 
lu’ presented and discussed for the. lour cases will include Lli'ii' hlstorli's, 
power spectra, and exceedance curves. 

Time histories lor the convective case at an altitude iil 0.3 km (1000 it) 
above gently rolling terrain are given in figure 4. because of the length of 
this run (19.1 minutes), the first part of the time histories is shown in 
figure /*(a) and the I inal portion in figure 4(b). As shown in t.ible II, the 
c values are similar lor tlie three components and are about 1.2 m/s (4 tpj.). 

Tile power spectra resulting Iroiu these time histories ire slu'wn in I igure 
fhe I'tirves are compiiral'' le to those of tigure 1 except that the results h.ive 
not been normal i^ed; that is, the area under the curves is equal to the variance 
or . Ihe .dnscissa values were olitained by converting Irequeiicv to inverse 
wavelongtli by use of tlie average true airspeed fi'f each run. Symbols arc slu'wn 
lor till- fivi‘ lowest frequenev power estimales. Except lor the first p>'int, 

Vvdiicli wi II be discussed subsequent 1 v , the estimates are at equal itKi'i'misits .'I 
appcusiiaately 0.01 He (10 11c/ lO.’A) . On a log plot t’le points tberef.Te appear 
.•l.'ser logi'tlier at liiglier values of 1/ • . The lirsL point is obtainci from t ii. 
dala-reduct ion algorithm at cero frequency but, for convenience, is located at 
one -li'urth the interval bi'tweeii cere and the next regular Iv obtained point 
at 0.01 lie, ol .It U.002‘) Hr. ( Ihc value could not, ot course, be sliown at cero 
I requeiu. V on .i logar I tbniii. plot.) These cere-1 requenev power estimates are 
beliivcd to be valid lor II.l rissults presented in this paper. (.'■'ee ret. 3.) 
r.ist prai'tiie h.is been to di.scaid this value because of the eltect ot trend 
errors in the time histories, and In cause tlie luewh i teni ng procedure used at 
lli.it I iim- for wiile-b.ind spectral an.ilysis caused the value te ge to intinitv. 
Siqu-r imposi-i! on the data are sliown theoretical von Karman tvpe ( urves with 
^;t'loct.-sl 1. \ , 1 1 iie.s . NiO e th.lt tlu* ...Iv-'pes Ot tlu' cui’X'es liulti'li .it the h i gluM 

I requeue ies . It is shouni that the witical ci'nponent van be vlescribei! verv 
.iccui .itelv with an 1. value ol 100 m ( 1000 It). fhe lateral i v-mpeneul , liowvvcr, 
bis lel.itivelv liigber poVv/ei ctmLeiil at Iv'W 1 n.'queiU' ies .nu! tlii’ ipp vopr i at e 
I. v.ilue is .ipp.irent I y in the rangi' ol tdlO m (2000 it). ihe Kaig i liul in.i 1 i v";- 

is-iienl tit:, well wllli .in 1. va hu >l 1200 m (4000 ft). Ibis vlillereiice between 

e.M'.ipoiienl , I'l ev'iir:!e , means tlial the turbulenee is tu’t isi'tfv'pie in t'.v K-ng 
w.iveUugtb region. In tlie wavelength region where previeus measurenw nts have 
been made, liowever, isotropy wouhl :.eem to p'rev.iil. 

file lime histories for tlu* high- al t i tude witul-shear ease .ire presented in 
tigin.. a. It shoulvl he noted th.il the ver t i ea 1 -se.i 1 e sensitivities have been 
.iei re.iseil by .i l.u'tor of 2 ;i.s compared with tlie precciling c.ise .ind that the 


Boverity In mucli f-i*fatur. Tht> IntunnUy ot i.lu' tiirlnik.iK-f (ur „1| Um. .. , .,i„- 
j.onPiitH iH RraduaUy incrc-aHlny. with Uiir'. Surli ^>r n-.ir.i ,.i i,,„ - 1 

bflavlor liaa Rt*m>raJ]y bfcn b.'lU.vud to lu' n'liiu.n/, 1 1. 1 i.„ . ...b, l -I.-, ,.i. | .• 
or nmooUlilnR of tho apoctral knoo. Tho rocont work ol rol .•lonr.,. /, |„.v,'fvrr 
IndlcatoH MtaL unloHH Uu> chani'o In JnLonnlty Jo ( oik. i dcral. I y moro .il.rnpi tl’i.m 
iihown boro, lUtlo offoct uliould lio oljiiorval) I «■ In t Iw r.i . li I ,s ..|)v i . .iin 

that (ilRiUf-lcant low-froquonoy power (it proitciit In tho h..r hnnti . I n.iupniioiiti; • 
thin 1.4 aHHumod to bc> directly .atlr ibutahio tu tho oh.inplno hor i ;;,.ni a I wlinl 

Hold. The Jow-lrcf|uoncy content can he llioii,.l,t o| ,,i. .1 m tho n.o.in 

value wltli a typical hiRh-tri'qiu'ncy ampJ i tude=niodu l.ii od l aminm ri.n-onn .Mipor- 
Imposed. A model of turbulence which Includes moan niodu Lit ion has boon mi-k.k.i od 
by Reeves (ref. 8). No pronounced 1 ow-1 requeiu'v powiT L i.oiod in u„. viili’. ii 
component. These ol).servatlons are suhsLanf iated in ilio coi 1 ospond i nj’ pow 
spectra .shown In flnure 7. Note that whlL an I. value ol iho m Cidun 1 ,, 
appears to be appropriate for the vertical componoul , 1. values ,.| viv.ioi 

than 18U0 m (OOOO ft) would .apply for tiie horizontal component.': uin otlv reiL . t-- 
Inp the iarpe power content at low frequencien. 

The next case to be presented was an encounter on the lee side o| tlu- 
Sierra Mountains in California at an altitude approxim.itel v le"»>! with the 
higlier ridpes. Tb.e turbulence was categorized a'. n>ter-t vpe lurhiili-n, <_• the 
onboard ob.server reported direct correlation of tunnilen.o sever i tv with the 
tqnvind terr.aln. Peak center-of-gravity acceler.at ion increment.s ol !,• v. re 
equaled or exceeded 80 times in this traverse of the rotor repion, with ma.ximnp. 
incremental accelerations of +2.2p .and -1.8;.. Tine hist.'i-iei, . f ih, Lin e 
components .k turbulence are given in figure 8. ;,\.te ti.e .egneuL.s lett.een 4 

and /^minutes tor the longitudinal component where liic,h-l leqiu nev .s,- i 1 | ,u iL,-... 
are absent. This condition Is cau.sed hy the .sen.sitive ..irsp..^.l i-s.,-,,surenient 
system being off-scale some of the time in the negative lirtcti.-n; ,is result 
the hlgh-trequency fluctuatfons were partiallv lo.st. It c.an '.e v.-eii ihu rela- 
tively low-frequency wavelike oscillations are present on ,.ll ti.ree tire hisie- 
rles. the lateral component exhihlting the most prevalent and higiiest .in.pntude 
oscillations. Ihc ’ values given in table I! further suls t ,in t i at e this ,,',ser- 

vatlon. fbe spectra for this case a e given in tir.ire ,'.11 t. e. s-.,.. tr, 

continue upward with large low-f requenev power; Uuk,, H the n i-'trt'.iii e-'nn s- 
slon Is applicable In this region. L must be gre.ater th.m Lsou r uoKii. i , ) 

It should be noted that the high-frequency p.irt of the longitudiu.l spe. lr'.r,; 
a.s well as could be .somewhat contaminated by the ; th. it i cn- ii . qiu n v 

‘‘ result of the partial off-se.ile ..iKlitior ; ta i le.k vanti n. il . 
Ihe t latteialng-out of the high-t requenev end of the >se.trur .■ n t e. .'iiti.' 

with this problem but Is a result ol the usi- of the h • t h-.. 1 1 - v •, r. ir’,* .• 
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provided for the pltoc-static test head. The u.so ol iw.. din'ei^it restr'i.' te. . 
for flight operations above and below ‘l.l km (10 000 ti) te pn\'i ie tlu '.r.'per 
damping for the sensitive airspeed measurement is dlseussed in re fort nee' . . in 
tils particular case the hi gh-ul t i tude restrietor w.is Inst, .Med, since the ..iv- 
Inal mission lor this flight was to .seek h l gh-a 1 1 i tude mount., in- v..ive lurbul.n... 

The final case considered herein is categorized .'is lee wsve-ga m , .,t e.l tnr'u- 
P'*'’P^8nted upward and was encountered .,t an .iltitnde ot .ib.'ut M I f. 
(47 000 ft). The time histories are given in tigure lo. Notic th.it tiie <'erti.' 
component contains at least three waves and pessiblv four. IMt. 1 , 0 .'. o, inrbulen,. 


; I > 


occur on the risinR part of the last two waves; or at approximately 7y and 
10 minutes from the start of the run. Apparently, the two 

not broken down into continuous turbulence as yet. or the 
airplane has iarried U out (if the turbulent region of the wave. 
of the lateral a.ad longitudinal components, where a very long wave can be seen, 
together with supplementary meteorological Information, indicates that w n 
shLr effects were also present. Thus, this is not a classic 
mountain-wave turbulence. These time histories are of * 

whether they should be used to obtain power spectra might be aebatable since 
the turbulence is not very continuous. Power spectra were obtained, however, 
for the whole 12.6-iuinute run and are shown in figure 11. A large amount of 
low-frequency power is present in all three components. This 

trast to the wind-siiear-alone case where the vertical component contained rela 
tively little low-frequency power. 


Figure 12 presents the measured exceedances of the vertical velocity com- 
ponent of turbulence for the four cases considered herein. The exceed^ces 
are (for each selected level) the average of the crossings of the positive and 
negative levels about the zero mean value for the data run. Only positive 
slope crossings are counted. In figure 12. the crossings per unit distMce 
(in both km and mi) are shown on a logarithmic scale with the level of the 
vertical velocity component on a linear scale. The exceedances reflect the 
relative turbulence intensity levels of the four cases. The high intensity 
rotor and high- alt tude wind--shear cases show significantly more crossings than 
the convective and mountain-wave cases; for example, at a level of 5 meters 
per second the difference is about two orders of magnitude. 


The four exceedance curves of figure 12 show a combination of the exponen- 
tial and Gaussian functional forms which are used for the analysis of atmospheric 
turbulence data. The exponential form of the exceedance expression has generally 
been found applicable for extended data samples or composites of many sables. 

It is the basis for development of structural design criteria for aircraf 
response to atmospheric turbulence for both the discrete gust approach and the 
random process or power spectral method* The exponential form would appear as 
a straight line on the semi -log plot of figure 12* From inspection of the fig- 
ure* it appears that the high-altitude wind-shear case is the most nearly expo- 
nential (linear) and the rotor case would appear to be the most nearly Gaussian. 


CO.NO.LUniNG REMARKS 

Data have been collected for a number of turbulence encounters at altitudes 
between 0.3 and 15 km (1000 and 50 000 ft). The associated meteorological con- 
ditions have been identified. Four encounters were considered herein. For 
these cases the following observations arc made: 

1. The von Karman turbulence model seems to be appropriate for the vertical 
component in the low-altitude convective and high-altitude wind-shear cases, 
with an Integral scale value of 300 m (1000 ft). 



( 
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2. The lateral and longitudinal components appear to also fit the model 
fairly well for the low-altitude convective case when integral scale values 
of 600 m (2000 ft) and 1200 m (4000 ft), respectively, are used. 

3. For the horizontal components in the high— altitude wind— shear case, 
and all three components in the rotor case, very large power obtained at the 
long wavelengths toakes it doubtful whether the von Karman expression is appli-* 
cable in this region. If it is, integral scales values greater than 1800 m 
(6000 ft) are required. 

4. The time histories from the mountain-wave case appeared to include some 
effects of wind shear. All the "waves" had not broken down into continuous 
turbulence and were thus probably not especially appropriate for spectral repre- 
sentation. Very large power however was present at long wavelengths. 

5. All cases exhibited the -5/3 slope of the von Karman expression in the 
shorter wavelength region# 

6. The turbulence intensity was very severe for the rotor case and 
approached that of a siaall thxmderstorui# 

Data processing and further analysis are continuing# At the present tiine 
it is not known whether similar meteorological conditions will result in simi- 
lar power spectra. The instrumentation system is scheduled to be installed in 
a B-57F aircraft later this year in order to acquire turbulence samples 
above 13 km (50 000 ft) . 
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TABLE I.- SA^IPLING SUMIARY OF B-57B FLIGHTS 

[46 FLIGHTS WERE MADE BETWEEN MARCH 1974 AND SEPT. 1975] 
(30 EASTERN U.S. AND 16 WESlIRN U.S.) 


TURBULENCE 


NUMBER OF 

CATEGORY 


DATA RUNS 

TERRAIN RELATED, ROTOR-*- 

14 

(6 FLIGHTS) 

THERMAL . CONVECTIVE^ 

8 

(2 FLIGHTS) 

NEAR THUNDERSTORMS 

12 

(2 FLIGHTS) 

JET STREAM AND HIGH-ALTITUDE 
WIND SHEAR<^ 

27 

(6 FLIGHTS) 

MOUNTAIN WAVES* 

8 

(4 FLIGHTS) 

ISOLATED SITUATIONS 

7 

(2 FLIGHTS) 


* CASES SEUCTED FOR REVIEW IN THIS PAPER 


TABLE II.- PERTINENT DATA FOR FOUR SELECTED CASES 


CONDITION 


CONVECTIVE 


WIND SHEAR 


ALTITUDE . 

RUN 

LENGTH 

STATISTICAL 
d.f. FOR 

km (fO 

min 

km 

(miles) 

POWER 

SPECTRA 

R3 ( 1000) 

19.1 

148 

(91.7) 

45 

13.0 (42600) 

IZ2 

137 

(85.1) 

29 

3.9 (12800) 

8.1 

88.5 

(55.0) 

19 

14.3 (46800) 

IZ6 

149 

(92.4) 

29 


m/sec in/sec 
(ftfsec) (tt/sec) 


U8 U5 
(3.86) (4.41) 


2.45 7.33 4.48 

(8.05) (2i03) (14.70) 


If.sf (BANDWIDTH. lENGTH) 
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Figure 1.- Wavelength regions of primary aircraft response 
shown on von Karman theoretical spectra. 
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Figure 2,- Head for providing three basic measurements 
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Figure 5.- Power spectra of turbulence components. 
Convective case. 
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Figure 6.- Turbulence component time histories. 
High-altitude wind-shear case. 
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Figure 7.- I wer spectra of turbulence components. 
Hlgli-altitude wind-shear case. 
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Figure 8.- Turbulence component time histories. Rotor case 
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Figure 10.- Turbulence component tinu- histories. Mountain-wave case. 
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Figure 11.- Power spectra of turbulence components. 
Mountain-wave case. 
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Figure 12.- Measured exceedance frequency of vertical component 
of gust velocity for four meteorological cases. 
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